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. $\Sigma$ . $\Sigma^{*}$ $\Sigma$
. , $p,$ $q\geq 1,1\leq i_{1},$ $i_{2},$ $\ldots,$ $i_{p},j_{1},j_{2},$ $\ldots$ , $j_{q}\leq n$
, 2 $x$: P . . . $u:_{1}=x_{j_{1}}x_{j_{2}}\ldots$ 9. . 1 , $1\leq k\leq P$ , $p=q$
$i_{k}=j_{k}$ $Z=((x_{1}, y_{1}),$ $(x_{2}, |J_{2}).,$ $\cdots,$ $(x_{n}, y_{\mathfrak{n}}))(n\geq 1,x:, y_{i}\in\Sigma^{u})$
. $Z$ 2 . 1 . .. $x$:
, 2 $y_{1}^{n_{1}}\ldots y_{i_{p}}^{R}$ . , $x_{i_{1}}\ldots x_{1_{p}}$ . .. $y_{i_{p}}^{R}$
, 1 $x_{i_{1}}\ldots x_{i_{p}}y_{1_{p}}\ldots y$: , 2
$y_{1}^{R}\ldots y_{1j-1}^{R}\iota$ . $i_{1}\cdots x_{\iota_{p}}y_{i_{p}}$ . .. $y_{j}^{R}\ldots y_{i_{i-1}}^{R}$
.
, RSA .
$Z=$ $((x_{1}, y_{1}),$ $(x_{2}, y_{2}),$ $\ldots$ , $(x_{r\iota}, \uparrow j_{n}))$ .
$w$ , $w$ , $w$ , $w$
. , $p=5$ , $w$ $w=xxxx,x,y_{i_{2}}y_{l_{4}}y_{l_{5}}y_{ia}y_{i_{1}}$ . $p=6$ ,
$w$ $w=xxxx,x_{\dot{\iota}_{4}}x_{i_{2}}y_{ia^{1/i_{4}}}y_{1}y_{i_{5}}y_{i_{8}}y_{1_{1}}$ .
, . 1977 Rivest, Shamir Adleman
RSA . 5 , RSA ,
1 . ( [5] , 6
).
2
$\Sigma$ ( ) . \Sigma $\Sigma$
. $0$ $\lambda$ . $\Sigma^{+}$ ( $\Sigma$ )
1554 2007 32-39 32
. $x,$ $y$ . $z\in\Sigma^{*}$ $x$ $xy$ , $z$ $yz$ , $y$ xyz
. $w\in\Sigma$ , $w$ $|w|$ . $\phi$ .
2.1
$\epsilon eq(\Sigma^{r})$ $\Sigma$ ( ) . $X=(x_{1}, \ldots , x_{r\iota})\in$
$\epsilon eq(\Sigma^{*})$ , $n\geq 1$ $1\leq i\leq n$ $x_{i}\in\Sigma^{*}$ . $n$ $X$ $|X|$
.
2.2
( ) , $X=(x_{1}, \ldots,x_{n})\in seq(\Sigma^{n})$ . $p,$ $q\geq 1$
$i_{1},$
$\ldots$ , $i_{p},j_{1},$ $\ldots,j_{q}(1\leq i_{k},j_{l}\leq n)$ | , $x_{i_{1}}\ldots x_{i_{p}}=x_{j_{1}}\ldots x_{j_{v}}$ , $p=q$
$1\leq k\leq P$ $i_{k}=$ . $x_{i}$ (X ) .
.
2.1
, $X=(x_{1}, \ldots, x_{n})\in seq(\Sigma^{*})$ , $X$
.
$I2.1$
$Z\in seq(\Sigma^{*}x\Sigma^{*})$ , $Z^{t+)}$ .
2.3







$Z=((x_{1},y_{1}),$ $\cdots(X_{n}, l/n))\in seq(\Sigma^{*}x$ \Sigma .
$w\in Z^{(+)}$ , $w$ $Z$ $DB(Z, w)$ .
$DB(Z,w)=$ { $(i_{1},$ $i_{2},$ $\cdots i_{p})|p\geq 1,1\leq k\leq n$ $w=x_{i_{1}}\cdots x_{l_{p}}y_{p}\backslash .\cdots y_{i_{1}}$}
.
3.1
$Z=$ $((x_{1},y_{1}),$ $\cdots$ , $(x_{n}.y_{n}))\in seq(\Sigma x\Sigma^{*})$ , (1) (2) .
(1) $Z$ .
33
(2) $w\in Z^{(+)}$ , $|DB(Z, w)|=1$ .
3.2
$Z=((x_{1}, y_{1}),$ $\cdots$ $(x_{n}, y_{n}))\in seq(\Sigma^{*}\cross\Sigma‘)$ , $Z$
$Z^{t+,3\rangle}$ .
(1) $1\leq i\leq n$ , $x_{i}y_{i}\in Z^{(+,3)}$ , $(x_{i},, \lambda,y_{i})$ $x$ . ,
$(x:, \lambda,y_{i})$ 1 . $x:y_{i}$ $TD$ ($Z$,xiyi) . (i) $x:y$:
, $x:y$: $DT(Z,x_{*}y:)$ .
(2) $z\in Z^{(+,3)}$ , $(u,v, w)\in TD(Z, z)$ , $p$ $(u,v,w)$ .
(a) $P$ , $1\leq i\leq n$ , $l4x_{i}vy_{i}w\in Z^{(+,3)}$ , ( $u$,xivyi, $w$ )
$\tau\iota x:v$ $w$ . , $(n,x:vy_{i},w)$ $P+1$ . $z$
$(j_{1},j_{2}, \cdots , j_{p})$ , $\tau\iota x_{i}vy_{i}w$ $(j_{1},j_{2}, \cdots j_{p}, i)$ . $\tau\iota x_{i},vy_{i}w$
$DT(Z,\tau\iota x_{i}vy:w)$ .
(b) $P$ , $1\leq i\leq n$ , $r\iota x_{!i}vy|w\in Z^{(+,3)}$ , $(ux_{i},, v, y|w)$
$crx:v$ $w$ . , $(\tau\iota x_{J:}, v, \dagger Jiw)$ $P+1$ . $z$
$(j_{1},j_{2}, \cdots , j_{p})$ , $tlx_{1}vy_{1}w$ $(j_{1},j_{2}, \cdots j_{p},i)$ . $lx:vy_{i}w$
$DT(Z, r\iota x_{:},vy_{i}w)$ .
3.3
$Z\in\epsilon eq(\Sigma‘ x\Sigma)$ , $w\in Z^{\langle+,3)}$ , $w$ , ,
$|DT(Z, w)|=1$ , .
3.2
$Z=$ $((x_{1}, t_{1}J),$ $\cdots$ , $(x_{r\iota}, y_{n}))\in\epsilon eq(\Sigma" x\Sigma^{*})$ , (1) (2)
.
(1) $w\in Z^{(+,3)}$ , $P\geq 1,1\leq i_{1},$ $i_{2},$ $\cdots i_{p}\leq n$ , $w=xxxy:\cdots$
.
(2) $p\geq 1,1\leq i_{1},$ $i_{2},$ $\cdots i_{p}\leq n$ , $xx\cdots x_{i_{p}}y_{1_{P}}\cdots y_{1_{1}}\in Z^{(+,\theta)}$ .
3.1
$Z\in seq(\Sigma^{*}x\Sigma")$ , $Z^{(+)}=Z^{(+,3)}$ .
3.2
$Z\in 8eq(\Sigma^{n}\cross\Sigma^{*})$ $w\in Z^{(+,3)}$ , .
$|DT(Z,w)|=|DB(Z,w)|$
3.3










, RSA . , RSA
. , .
$n$ , $(Z_{n}, +, \cross)$ } $(mod n)$ $Z_{n}=\{0,1, \cdots , n-1\}$
. $Z_{n}$ . $Z_{n}^{*}$ { $a\in Z_{n}|a$ $n$ } .
$\phi$ $n\geq 1$ , $\phi(n)=|Z_{n}^{u}|$ .
.
Fact 1 $P$ $q$ .
(1) $\phi(p)=p-1$




$n$ $a$ , $a^{\phi(n)}\equiv 1(mod n)$ .
4.1
$P$ , $P$ a , $a^{p-1}\equiv 1$ (\’eod P) .
RSA .
4.1
RSA $\langle p, q,e, d,n\rangle$ .
(1) $P$ $q$ .




RSA $k\geq 1$ , , $U_{i}=\langle p_{i}, q_{i}, e_{i}, d_{i}, n_{i}\rangle(1\leq i\leq k)$
. $U_{i}=\langle p_{i}, q_{i}, e_{i}, d_{i}, n_{i}\rangle$ .
, 2 $\Sigma=\{0,1\}$ . $(p, q, e, d, n)$ 41
RSA . $w$ $\log_{2}n$]
$w=a_{1}a_{2}\cdots a_{r}(r.\geq 1, a:\in\Sigma)$ . $w=b_{1}b_{2}\cdots b_{\alpha},$ $b_{i}\in\Sigma r\log_{2}n$] $(1\leq i\leq s)$ . $w$
$M$ , $C$ $M$ . .
: $(e,n)$ : $C\equiv M^{c}(mod n)$
: $(d,n)$ : $M\equiv C^{d}(mod n)$
4.2
$(e, d, n)$ 41 , .
$(M^{e})^{d}\equiv M$ $(mod n)$
, $M$ $C$ :(i) 2 , (ii) 2
.
4.1
$A $k\geq 1$ , $U_{i}=\langle p_{i}, q:, e_{1}, d_{1}, rh\rangle(1\leq i\leq k)$
. $U_{1}=\langle p_{*},$ $q_{i},$ $e_{i},$ $d_{i},$ $n_{i}$ } . ,
$U_{i}=(p_{i},$ $q_{i},$ $e_{1},$ $d_{1},$ $n_{i}\rangle$ , (1) (2) .
(1) $M(0\leq M<n_{1})$ , $e:(M)$ $C$ : $e_{l}(M)=$
$C\equiv M^{\epsilon:}(mod n_{i})$
(2) $C(0\leq C<n$ , $d_{i}(C)$ $M$
: $d_{i}(C)=M\equiv 0^{d}:(mod n_{i})$
5 RSA
, RSA ,
1 ( [5] , 6 ).
5.1
, , RSA , , $1\leq$
$i\leq m$ , $(p_{1}, q_{1}, n_{1},e_{1}, d_{1}),$ $(p_{2}, q_{2},n_{2}, e_{2}, d_{2}),$ $\cdots$ $(p_{m}, q_{rr\iota},n_{m},e_{m}, d_{m})(m\geq 2)$ ,
($p_{i},$ $q_{i}$ , ni, $e_{1},$ $d_{i}$ ) 42 41 RSA .
, $1\leq i,j\leq n$ , $(i)|x_{|},|=|x_{j}|$ $(ii)|y:|=|y_{j}|$





5 $M=(\Sigma, Q, \delta, q_{0}, F)$ . $Q$
, (state) . $\Sigma$ , $\delta$ $Qx\Sigma$ $Q$
(transition ffinction) . , $q_{0}\in Q$ (initiai state), $F\subseteq Q$ ,
(final state) .
$\delta$
(1) $\delta(q, \epsilon)=q(q\in Q)$
(2) $\delta(q, ax)=\delta(\delta(q, a)_{:}x)(q\in Q,a\in\Sigma, x\in\Sigma‘)$
, $Qx\Sigma$ $Q$ .




$A$ 7 $\mathcal{A}=(\Sigma,$ $Q,\delta,$ $\{q_{0}\},Q,$ $\mathcal{K},f\rangle$ , (1)$-(4)$ .
(1) $\Sigma=\{0,1\}$
(2) \langle $\Sigma$ , Q.. $\delta,$ $\{q_{0}\},$ $Q$} .
(3) $\mathcal{K}$ 1 , .
(4) $f$ $f:Qarrow \mathcal{K}$ .
5.3
$A=\langle\Sigma, Q, \delta, \{q_{0}\},Q, \mathcal{K},f\rangle$ $\mathcal{K}$ RSA 1
, RSA- .
51 .
(1) $x(\geq 2)$ , $A_{1},$ $\ldots$ , $A_{l}$. .
(2) $1\leq i\leq x$, , $A_{:}$ 52, 53 RSA- $=\langle\Sigma_{*},$ $Q,$ $\delta,$ $\{q_{0:}\}$ ,
$Q_{1},$ $\kappa_{:},f_{1}\rangle$ , $\mathcal{K}_{i}$ $(p_{1j}, q_{ij:}n_{1j}, e_{1j}, d_{jj})(1\leq j\leq m:)$ ,
$(pij, q_{1j}, d_{tj})$ , . RSA 2
($m_{1j},$ $q_{0ij}$ ,no$ij,$ $e_{0ij},$ $\phi_{1ij}$ ) $(j=1,2)$ , $(n_{Oij}, e_{0ij})(j=1,2)$ .
(3) $M$ $A_{i}$ , 51 $C$ .




51 $A- $\mathcal{A}=\langle\Sigma, Q, \delta, \{q_{0}\},Q, \mathcal{K}.f\rangle$ RSA 2
$(e)(j=1,2)$ . , $\mathcal{K}=\{(p_{i}, q:, n_{i}, e_{1}, d_{\dot{*}})|$
$1\leq i\leq h\}(h\geq 1)$ .
$\Sigma=\{0,1\}$ $U=(t4_{1}, \ldots, t_{rn})$ ,
. , $u_{i}\in\Sigma^{+},$ $|l 1_{i}|\leq\min\{\lceil\log_{2}n_{j}1|1\leq j\leq h\}(1\leq i\leq m)$
.
(1) $1 \leq l<\min${ $\lceil\log_{2}$ no11, $\lceil\log_{2}$ no2], $\lceil\log_{2}n_{j}]|1\leq j\leq h$ } $l$
.
(2) $e_{01}$ $w_{1}=e,(l)$ . , $w_{1}$ $1og_{2}n_{01}1$ 2 .
$w_{1}=x_{01}y_{01}$ . $x_{01}=hp(w_{1}),$ $y_{01}=hs(w_{1})$ .
(3) $l4_{i_{1}}t4_{2}$ $u_{i}$. $(8\geq 1,1\leq i_{j}\leq m)$ . $t\geq 1$ , 8
$s=2\cdot t$ . ( , $s$ . )
(4) $s$ 2 $\gamma=a_{1}\cdots a_{v}$ . , $a_{i}\in\{0,1\}(1\leq$
$i\leq\epsilon)$ . $1\leq j\leq 8$ , $q_{j}=\delta(q_{0}, a_{1}a_{2}\cdots a_{j})$ . , $f(q_{j})=$
$(p_{k_{i}}, q_{k_{j}}, n_{k_{j}}, e_{k_{j}}, d_{k_{j}})(1\leq k_{j}\leq h)$ .
(5) , $\gamma$ $\log_{2}n_{02}1$ . , $\gamma=b_{1}b_{2}\cdots b_{g}(1\leq g\leq 8)$
. , $1\leq i\leq g$ , $b_{i}\in\{0,1\}^{+},$ $|b:|=\lceil\log_{2}n_{02}\rceil$ , , (4) $\gamma$
$0$ $|\gamma|=gx\lceil\log_{2}n_{02}\rceil$ $\gamma$ . , $0\leq b_{i}<n_{02}$
$(1 \leq i\leq g)$ .
(6) $1\leq i\leq g$ , $e_{02}$ $w_{2i}=e_{02}(b_{i})$ . , $w_{2i}$ $\lceil 1og_{2}n_{02}\rceil$
2 . $w_{2:}=x_{02i}y_{02:}$ . $|x_{02:}|=l,$ $|y_{02i}|=$ $1og_{2}n_{02}1-l$ .
(7) $Z(U,l, \gamma)$
$Z(U,l,\gamma)$ $=$ $((x_{01},y_{01}),$ $(x_{021},y_{021}),$ $(x_{022},y_{022}),$ $\cdots$ ,
$(x_{02p},y_{02g}),$ $(x_{1},y_{1}),$ $(x_{2},y_{2}),$ $\cdots(x_{l},y_{\iota}))$
, $1\leq j\leq s$ , .
$x,y_{j}$ $\log_{2}n_{k_{j}}1(1\leq k_{j}\leq h)$ $e_{k_{j}}(u_{i_{j}})$ 2 , $|Xj|=l,$ $|y_{j}|=$
$\log_{2}n_{k_{i}}$ ] $-l$ .
(8) $u_{*}l\iota_{i_{2}}\cdots u_{i}1$. 2
$x_{01}x_{021}\cdots x_{02g}x_{1}x_{3}\cdots x_{\alpha-1}x_{\alpha}x_{\alpha-2}\cdots x_{4}x_{2}y_{2}y_{4}\cdots y_{\alpha-2}y_{u}y_{\alpha-1}\cdots y_{3}y_{1}y_{02g}\cdots|/oa\iota y_{11}$
.
(1) 1 , $x_{01}y_{01}$ $l$ .
38
(2) $d_{02}$ , $l$ $((x_{021}, y_{()21}),$ $(x_{022}, y_{022}),$ $\cdots$ $(x_{02g}, y_{02y}))$ , $\gamma=a_{1}\cdots a_{I}$,
.
(4) $l$ $\gamma$ RSA- $\mathcal{A}$ , $x_{13s-1u\ell-242/z}x,\cdots x,xx\cdots xx|y_{4}\cdots$
$y_{\alpha-2}y_{\alpha}y_{\alpha-1}\cdots y_{3}y_{1}$ , $tl_{1_{1}}u_{i_{2}}\cdots\uparrow\iota_{i_{\alpha}}$ .
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